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,Q WKLV UHVHDUFKDQDWWHPSWKDVEHHQSUHWHQGHG WRGLVVHFW WKHFRQGXFW DQG WKHSROOXWLRQ LQGH[RI0DOLU5LYHU DQG
&KLQQD&UHHNFRQWDPLQDWHGZLWKXQWUHDWHGGRPHVWLFDQGLQGXVWULDOZDVWHZDWHUDQGILQDOO\GXPSLQWR$UDELDQ6HD
7KHSULPDU\IRFDOSRLQWLVRQWKHTXHQFKRISK\VLFDOFKHPLFDODQGKHDY\PHWDODQDO\VLV$OPRVWDOOWKHSDUDPHWHUV
FURVVHG WKH JXLGHOLQHV RI 1DWLRQDO (QYLURQPHQWDO 4XDOLW\ 6WDQGDUGV H[FHSW S+ 7KLV LQGLVFULPLQDWH GLVSRVDO RI
XQWUHDWHGZDVWHZDWHULVUHVSRQVLEOHIRUDTXDWLFSROOXWLRQDQGGLVWXUEVWKHHFRV\VWHP

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,QGXVWULDOGLVFKDUJH3ROOXWLRQ,QGH[.DUDFKL


1. Introduction 

0DULQHSROOXWLRQGXHWRDQWKURSRJHQLFDFWLYLWLHVKDVQRZEHFRPHDZRUOGZLGHHQYLURQPHQWDOFRQFHUQ6HYHUDO
UHVHDUFKHUVKDYHUHSRUWHGWKHLQIOXHQFHRILQGLVFULPLQDWHGLVFKDUJHRIXQWUHDWHGLQGXVWULDOHIIOXHQWDQGPXQLFLSDO
ZDVWHZDWHUWRWKHPDULQHHQYLURQPHQWLQWHUPVRIGDQJHUWRKDELWDQWVVHULRXVULVNWRPDULQHOLIHGHWHULRUDWLRQRI
DHVWKHWLFYDOXHVDQGOLPLWHGDFFHVVWRFRDVWDODUHDV+HQFHPRQLWRULQJRIPDULQHFRDVWDOHQYLURQPHQWLV
HVVHQWLDOWRIRUPXODWHDYLDEOHPDQDJHPHQWVWUDWHJ\

/LNHRWKHUFRDVWDOUHJLRQVRIWKHZRUOG.DUDFKLFRDVWHVSHFLDOO\0DQRUDFKDQQHOLVKHDYLO\SROOXWHGGXHWR
XQWUHDWHGLQGXVWULDOZDVWHZDWHUDQG0HWURSROLWDQPXQLFLSDOVHZDJHZKLFKLQGLVFULPLQDWHGLVFKDUJHLQWRFRDVWDO
ZDWHUVWKURXJK/\DULDQG0DOLUULYHUV$FFRUGLQJWRDUHSRUWRQO\SHUFHQWRIWRWDODQQXDOZDVWHZDWHUSURGXFHG
LQ0HWURSROLWDQ.DUDFKLLVWUHDWHGDQGWKHUHVWLVGLVFKDUJHGGLUHFWO\LQWRFRDVWDOZDWHUV7KLVVLWXDWLRQGHPDQGVWR
FKDUDFWHUL]HWKHFRDVWDOZDWHULQRUGHUWRGHWHUPLQHSROOXWLRQORDGLWVH[WHQWDQGW\SH



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.DUDFKLLVWKHODUJHVWFLW\RI3DNLVWDQDQGDKXERILQGXVWULDODFWLYLW\7KHFRDVWDO]RQHRI.DUDFKLLVH[WHQGHGXSWR
NPWKDWLVH[SRVHGWRDKHDY\SROOXWLRQORDGRIERWKGRPHVWLFDQGLQGXVWULDORULJLQV
.DUDFKL LV WKH PRVW SRSXORXVPHWURSROLWDQ FLW\ DQG KLJKO\ SRSXODWHG XUEDQ FHQWHU RI 3DNLVWDQ 7KH FLW\ KDV DQ
HVWLPDWHG SRSXODWLRQ RI  PLOOLRQ SHRSOH DV RI $SULO  DQG D GHQVLW\ RI QHDUO\  SHRSOH SHU VTXDUH
NLORPHWHU 7KLV ILJXUH LV FRQWLQXRXVO\ LQFUHDVLQJ GD\ E\ GD\ GXH WR QDWXUDO JURZWK UDWH DQGPLJUDWLRQ IURP XS
FRXQWU\.DUDFKLLVVLWXDWHGQHDUWKHFRDVWZKLFKPDNHVLWDIRFDOFHQWHURILQGXVWULDOGHYHORSPHQWHGXFDWLRQDQG
PXOWLFXOWXUDOLVP,WUDQNVDVDEHWDZRUOGFLW\DQGLWLVWKHKXERIKLJKHUHGXFDWLRQLQ6RXWK$VLDDQGWKH0XVOLP
ZRUOG
7KHVWXG\DUHD&KLQQDFUHHNLVDERXW.PORQJWRPZLGHZLWKWKHGHSWKUDQJHVIURPPWRP,W
FRYHUV DQ DUHD RI DERXW  VTXDUH .LORPHWHU ZKLFK H[WHQGHG IURP %RDW %DVLQ WR 1DWLYH -HWW\ %ULGJH DQG MRLQV
.HPDUL$W LWV QRUWKHUQEDQN316EXLOGLQJ/DOD]DU%XQJDORZV%RDW FOXE3RUWKRXVHQDYDORIILFHU
V UHVLGHQFH
.DUDFKL FOXE DQG .37 RIILFHUV¶ VRFLHW\ DUH VLWXDWHG DQG WRZDUGV LWV VRXWKHUQ EDQN 6KLULQ -LQQDK FRORQ\
6LNDQGDUDEDG0DMHHGFRORQ\2NKDLFRORQ\LVSUHVHQW
&KLQD&UHHNUHFHLYHVDERXWPLOOLRQJDOORQVRIXQWUHDWHGZDVWHZDWHUSHUGD\DQG WR[LFZDVWHVRI.DUDFKLFLW\
WKURXJK1HKUH.KD\\DP73;GUDLQ DQGDGUDLQ IURP WKH+DELE3XEOLF6FKRRO ,Q DGGLWLRQ WKHUH LV DQ LQGLUHFW
LPSDFWRIDERXW0*'RIZDVWHZDWHUGLVFKDUJHGE\/\DUL5LYHU
7KH FXPXODWLYH HIIHFW RI WKH LQGLVFULPLQDWH GLVSRVDO RI GRPHVWLF DQG LQGXVWULDO HIIOXHQWV LQ WKH0DOLU 5LYHU DQG
&KLQQD&UHHNLVQRWRQO\UHVSRQVLEOHIRUULYHUEHGGHJUDGDWLRQEXWDOVRUHVXOWVLQHFRORJLFDOLPEDODQFHV$OOWR[LF
DQGKDUPIXOWR[LFPDWHULDOVLQWKHYDULHW\RIHIIOXHQWIURP,QGXVWULHVDQGGRPHVWLFZDVWHZDWHUDUHGLUHFWO\UHOHDVHG
LQWRWKH0DOLU5LYHUDQG&KLQQDFUHHNZLWKRXWDQ\WUHDWPHQWDVWUHDWPHQWSODQWVDUHRXWRIRUGHU7KLVGXPSLQJRI
ZDVWHZDWHUFDXVHVGHSULYDWLRQRIIORUDDQGIDXQDWRDKLJKHUH[WHQW
7KH VXEVWDQWLDO TXDQWLW\ RI WKHVH SROOXWDQWV LQ ZDWHU LQFUHDVHV WKH ULVN RI XSWDNH LQWR VKHOOILVK RU RWKHU EHQWKLF
RUJDQLVPVDQGHYHQWXDOO\LQWRWKHIRRGFKDLQ2QWKHRWKHUKDQGGHWHULRUDWLRQRI0DQJURYHSDWFKHVKDVDOVREHHQ
QRWHG7KHSULPDU\UHDVRQRI WKLVGHSULYDWLRQ LV LOOHJDOFXWWLQJRIPDQJURYHVIRU IRGGHU WLPEHUDQGIXHOIDUPLQJ
SDWWHUQVXUEDQL]DWLRQZKLFK OHDGV WR VHULRXVHQYLURQPHQWDODQGVRFLDO WHQVLRQV LQ WKH IRUPRI ORVVRIKDELWDWDQG
ELRGLYHUVLW\GHFOLQHLQILVKSURGXFWLYLW\DQGVRFLDOSUREOHPVIRUFRDVWDOFRPPXQLWLHV
7KHSUHVHQWLQYHVWLJDWLRQDLPVDWWKHDQDO\VLVRIZDVWHZDWHUVDPSOHVVRDVWRGHWHUPLQHWKHH[WHQWRISROOXWLRQORDG
HQWHULQJLQWKH0DOLU5LYHUDQG&KLQQD&UHHNZKLFKLVUHVSRQVLEOHIRULWVGHJUDGDWLRQ
2. Methods: 
2.1. Study Area: 
0DOLU5LYHULVORFDWHGLQ.DUDFKL6LQGK3DNLVWDQ0DOLU5LYHUSDVVHVWKURXJKWKHFLW\RI.DUDFKLIURP1RUWK(DVWWRWKH
&HQWUHDQGGUDLQV LQWRWKH$UDELDQ6HD0DOLU5LYHU LVRQHRI WKHWZRULYHUVSDVVLQJWKURXJK.DUDFKLDQGWKHRWKHU LV
/\DUL5LYHU,WKDVWZRPDLQWULEXWDULHVWKH7KDGKRDQGWKH6XNKDQ,QWKHUDLQ\VHDVRQWKLVULYHUH[SHULHQFHVKHDY\
ZDWHUIORZZLWKPLOOLRQVRIJDOORQVHPSW\LQJLQWRWKH$UDELDQ6HD1RZDGD\WKLVULYHUFRQYHUWHGLQWRZDVWHZDWHURI
ERWKGRPHVWLFDQGLQGXVWULDORULJLQ

&KLQQD &UHHN KDG WZR HQWUDQFHV RQH DW 0DQRUD SRLQW DQG RWKHU DW &OLIWRQ IRUHVKRUH SULRU WR  EHIRUH WKH
FRQVWUXFWLRQRI.DUDFKL3RUW7KLVQDWXUDODUUDQJHPHQWKDGDJRRGZDWHUFLUFXODWLRQ,QWKH&OLIWRQHQWUDQFH
ZDVDUWLILFLDOO\FORVHGZLWKDYLHZWRXVHWKH(DVWHUQ%UHDNZDWHUDVLQWHUWLGDOZDWHUUHVHUYRLUVRWKDWWKHZDWHUVWRUHG
KHUH GXULQJ KLJK WLGHV OHDYHV 0DQRUD FKDQQHO DW KLJK YHORFLW\ GXULQJ HEE NHHSLQJ WKH FKDQQHO EHG FOHDQ DQG
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GUHGJHG:LWKWKHSDVVDJHRIWLPHWKHUHZDVDWKLFNJURZWKRIPDQJURYHVLQWKHDUHDZKLFKSURPRWHGVLOWDWLRQWR
WKHH[WHQWWKDWWKHZDWHUUHVHUYRLUFDSDFLW\ZDVGUDVWLFDOO\UHGXFHGUHVXOWLQJLQORVVRIQDWXUDOGUHGJLQJHIIHFW

2.2. Sampling and Analysis: 

$ WRWDORIVDPSOHVZHUHFROOHFWHGE\UDQGRPVDPSOLQJIURP0DOLU5LYHUDQG&KLQQD&UHHN7HPSHUDWXUHZDV
PHDVXUHGE\XVLQJDSRUWDEOHFDOLEUDWHGPHUFXU\WKHUPRPHWHUS+ZDVGHWHFWHGE\WKHKHOSRI-(1:$<S+
PHWHU 7XUELGLW\ ZDV PHDVXUHG E\ XVLQJ (87(&71  WXUELGLW\ PHWHU VDOLQLW\ FRQGXFWLYLW\ DQG 7'6 ZDV
PHDVXUHGE\XVLQJSRUWDEOHPHWHUSURYLGHGE\0(5&.)RUIXUWKHUDQDO\VLVVDPSOHZDVLPPHGLDWHO\NHSWLQDQLFH
ER[DW& IRU VWRUDJH  DQG WKHQEURXJKW WR ODERUDWRU\RI7KH ,QVWLWXWHRI(QYLURQPHQWDO6WXGLHV8QLYHUVLW\RI
.DUDFKL6DPSOHVIRU%2'ZHUHLQFXEDWHGLQWKHODERUDWRU\IRUILYHGD\VDW&)RUWKHGHWHUPLQDWLRQRI&2'
WKH GLFKURPDWH UHIOX[ PHWKRG ZDV XVHG $PPRQLD ZDV GHWHUPLQHG E\ .MHOGKDO 1HVVOHUL]DWLRQ PHWKRG 1LWULWH
QLWURJHQDQG1LWUDWH1LWURJHQ121RIWKHVDPSOHVZHUHHVWLPDWHGE\%UXFFLQH0HWKRG7RWDO2UJDQLF&DUERQ
72& E\ 3HUVXOIDWH 0HWKRG  +HDY\ PHWDOV HVWLPDWLRQ RI ZDWHU VDPSOHV ZHUH GRQH E\ $WRPLF $EVRUSWLRQ
6SHFWURSKRWRPHWU\

)LJ6DPSOLQJ3RLQWVRI0DOLU5LYHU
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)LJ6DPSOLQJ3RLQWVRI&KLQQD&UHHN

2.3 Statistical Analysis: 
7KH GDWD ZHUH VWDWLVWLFDOO\ DQDO\]HG XVLQJ 67$7,67,&$  (GLWLRQ VRIWZDUH 'HVFULSWLYH VWDWLVWLFV LQFOXGLQJ
PHDQPHGLDQPLQLPXPPD[LPXPTXDUWLOHUDQJHVWDQGDUGGHYLDWLRQVWDQGDUGHUURUVNHZQHVVDQGNXUWRVLVZHUH
FRPSXWHGIRUHDFKRIWKHYDULDEOHV3ULQFLSDOFRPSRQHQWDQDO\VLV3&$ZDVDSSOLHGRQWKHQRUPDOL]HGGDWDVHWVRI
SK\VLFFKHPLFDOFKDUDFWHULVWLFVRIZDWHUVDPSOHVRIGLIIHUHQWVLWHV

3. Results and Discussion: 
7KH SUHVHQW VWXG\ZDV DLPHG WRPRQLWRU WKH SROOXWLRQ OHYHO RI0DOLU5LYHU DQG&KLQQD&UHHN:LWK WKH KHOS RI
YDULRXVSK\VLFDODQGFKHPLFDOZHFDPHWRFRQFOXGHWKDWGXHWRDQWKURSRJHQLFDFWLYLWLHVZHKDYHSROOXWHGWKHULYHU
DQGDOPRVWGHVWUR\HGLW:DVWHZDWHUIURPYDULRXVLQGXVWULHVFRQWDLQLQJFKHPLFDOVDQGGHWHUJHQWVDUHGXPSHGLQWR
WKHULYHUZLWKRXWDQ\WUHDWPHQWZKLFKFDXVHVKLJKOHYHOSROOXWLRQDQGGHVWUXFWLRQRIWKHQDWXUDOHQYLURQPHQW

3.1. pH: 
7KHS+RIZDVWHZDWHULVFRQVLGHUHGWREHDQH[WUHPHO\LPSRUWDQWSDUDPHWHUDVLWDIIHFWVDOOSK\VLFDOFKHPLFDODQG
PLFURELRORJLFDOHQYLURQPHQWV([WUHPHO\DFLGLFS+FDXVHVKHDY\PHWDOVWRDFFXPXODWHDWVXEVRLOZKHUHKLJKS+LV
GHWULPHQWDOIRUPLFURRUJDQLVPVS+KDVEHHQUHJDUGHGDVDQLPSRUWDQWYDULDEOHUHJXODWLQJWKHPRELOLW\RIPHWDOV

7KHS+YDOXHV RI VDPSOHV IURP0DOLU5LYHU UDQJHG IURP 05 WR 05ZKLOH WKHS+YDOXHV RI
VDPSOHVIURP&KLQQD&UHHNUDQJHVIURP&&WR&&

7KHORZHVWS+YDOXHDW0DOLU5LYHULV05DQGKLJKHVWYDOXHREVHUYHGLV05ZKLOHWKHORZHVWS+
YDOXHDW&KLQQD&UHHNLV&&	&&DQGKLJKHVWYDOXHREVHUYHGLV&&	&&7KHS+YDOXHVRI
0DOLU5LYHUDQG&KLQQD&UHHNDUHZLWKLQWKHSHUPLVVLEOHOLPLWVIRULQGXVWULDOHIIOXHQWVHWE\1(46


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3.2. Salinity: 
7KH6DOLQLW\YDOXHVRIVDPSOHVIURP0DOLU5LYHUUDQJHGIURP05 WR05ZKLOH WKHS+YDOXHVRI
VDPSOHVIURP&KLQQD&UHHNUDQJHVIURP&&WR&&

7KHORZHVWVDOLQLW\YDOXHDW0DOLU5LYHULV05DQGKLJKHVWYDOXHREVHUYHGLV05ZKLOHWKHORZHVW
S+YDOXHDW&KLQQD&UHHNLV&&DQGKLJKHVWYDOXHREVHUYHGLV&&7KHS+YDOXHVRI0DOLU5LYHU
DQG&KLQQD&UHHNDUHZLWKLQWKHSHUPLVVLEOHOLPLWVIRULQGXVWULDOHIIOXHQWVHWE\1(46
3.3. Temperature: 
7HPSHUDWXUH LVRQHRI WKHPRVW LPSRUWDQWHFRORJLFDO IHDWXUHV ,W FRQWUROVEHKDYLRUDO FKDUDFWHULVWLFVRIRUJDQLVP¶V
VROXELOLW\RIJDVHVDQGVDOWVLQZDWHU
7KHWHPSHUDWXUHYDOXHVRIVDPSOHVIURP0DOLU5LYHUUDQJHGIURP05WR05ZKLOHWKHS+YDOXHV
RIVDPSOHVIURP&KLQQD&UHHNUDQJHVIURP&&WR&&

7KH ORZHVW WHPSHUDWXUH YDOXH DW0DOLU5LYHU LV 05 DQG KLJKHVW YDOXH REVHUYHG LV  05ZKLOH WKH
ORZHVWWHPSHUDWXUHYDOXHDW&KLQQD&UHHNLV&&DQGKLJKHVWYDOXHREVHUYHGLV&&

3.4. Conductivity: 
&RQGXFWLYLW\ RU (OHFWULFDO FRQGXFWLYLW\ LV D IXQFWLRQ RI WRWDO GLVVROYHG VROLGV 7'6 NQRZQ DV LQ FRQFHQWUDWLRQ
ZKLFKGHWHUPLQHVWKHTXDOLW\RIZDWHU
7KHFRQGXFWLYLW\YDULDWLRQRI0DOLU5LYHUUDQJHIURPP6FPWRP6FPZKLOHWKHFRQGXFWLYLW\YDULDWLRQRI
&KLQQD&UHHNUDQJHIURPP6FPWRP6FP

7KHORZHVWFRQGXFWLYLW\RI0DOLU5LYHULVP6FP05ZKLOHWKHKLJKHVWYDOXHREVHUYHGLVP6FP05
ZKLOH WKH ORZHVWFRQGXFWLYLW\YDOXHDW&KLQQD&UHHN LVP6FP&&  DQGKLJKHVWYDOXHREVHUYHG LV
P6FP&&

3.5. Total Dissolved Solids: 
7RWDO'LVVROYHG6ROLGVLVPHDVXUHGDVWKHPDVVRIUHVLGXHUHPDLQLQJZKZQDPHDVXUHGYROXPHRIILOWHUHGZDWHULV
HYDSRUDWHG
7KH7RWDO GLVVROYHG6ROLGV YDULDWLRQRI0DOLU5LYHU UDQJHV IURPPJO 05 WR  05ZKLOH WKH
7RWDOGLVVROYHG6ROLGVYDULDWLRQRI&KLQQD&UHHNUDQJHIURPPJO&&WRPJO&&

7KHORZHVW7RWDOGLVVROYHGVROLGVRI0DOLU5LYHULVPJO05ZKLOHWKHKLJKHVWYDOXHREVHUYHGLV
PJO05ZKLOHWKHORZHVW7RWDOGLVVROYHGVROLGVYDOXHDW&KLQQD&UHHNLVPJO&&DQGKLJKHVWYDOXH
REVHUYHGLV&&

3.6. Turbidity: 
7XUELGLW\ LV WKHFORXGLQHVVRUKD]LQHVVRI D IOXLGFDXVHE\ LQGLYLGXDOSDUWLFFOHV WKDW DUHJHQHUDOO\ LQYLVLEOH WR WKH
QDNHGH\H7XUELGLW\LVPDLQO\GXHWRWKHGLVSHUVLRQRIVXVSHQGHGSDUWLFOHV$EQRUPDOYDOXHVRIWXUELGLW\DUHXVXDOO\
GXHWRIORDWLQJVHGLPHQWVFDUULHGIURPFDWFKPHQWDUHDV
7KH7XUELGLW\YDULDWLRQRI0DOLU5LYHU UDQJHV IURP17805 WR178 05ZKLOH WKH7XUELGLW\
YDULDWLRQRI&KLQQD&UHHNUDQJHIURP178WR178

7KH ORZHVW7XUELGLW\RI0DOLU5LYHU LV 178 05ZKLOH WKHKLJKHVW YDOXHREVHUYHG LV 17805
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ZKLOHWKHORZHVW7XUELGLW\YDOXHDW&KLQQD&UHHNLV178&&DQGKLJKHVWYDOXHREVHUYHGLV178&&


3.7. Biological Oxygen Demand (BOD5):
%2'RI WKH HIIOXHQWV LV WKHTXDQWLW\RIGLVVROYHGR[\JHQ UHTXLUHG IRU WKH VWDELOL]DWLRQRIGHFRPSRVDEOHRUJDQLF
PDWWHUE\DHURELFGHFRPSRVLWLRQ

7KHYDOXHRIWKH%2'RIHIIOXHQWVRI0DOLUULYHUYDULHVIURPPJ/WRPJ/DQGWKHYDOXHRIWKH%2'RI
HIIOXHQWVRI&KLQQD&UHHNYDULHVIURPPJ/PJ/

7KHSHUPLVVLEOHUDQJHIRU%2'DFFRUGLQJWR1(46LVPJ/IRULQGXVWULDOHIIOXHQWDQGPJOIRUGRPHVWLF
HIIOXHQW%RWKGRPHVWLFDQGLQGXVWULDOHIIOXHQWVKDYHKLJK%2'YDOXHVDVFRPSDUHGWR1(46+LJKHVWYDOXH
PJ/ 05  QRWHG IRU%2' LQ WKH HIIOXHQWRI WKH0DOLU ULYHUZKHUHDV ORZHVW YDOXH LV PJO 05)RU
&KLQQD&UHHNKLJKHVWYDOXHPJ/&&LVQRWHGZKHUHDVORZHVWYDOXHLVPJO&&ZKLFKFDQFDXVH
DVSK\[LDWLRQUHVXOWLQJLQORVVRIELRGLYHUVLW\

3.8. Chemical Oxygen Demand (COD): 
&2' LV WKH LQGLUHFWPHDVXUH RI WKHRUJDQLF FRPSRXQG LQZDWHU7KHYDOXHV IRU&KHPLFDO2[\JHQ'HPDQGYDU\
IURPPJO05WRPJ/05DW0DOLU5LYHU6LWHDQGPJ/&&WRPJ/&&DW
&KLQQD&UHHN7KLVLVZHOODERYHWKHSHUPLVVLEOHOLPLW

,W LQGLFDWHV WKDW ZDWHU FRQWDLQV KLJK OHYHOV RI RUJDQLF PDWWHU DQG TXDQWLW\ RI R[\JHQ WR EH XVHG XQGHU VSHFLILF
FRQGLWLRQRIDQR[LGL]LQJDJHQWWHPSHUDWXUHDQGWLPH,WLQGLFDWHVWKDWPLFUREHVSUHVHQWLQZDVWHZDWHUDUHXWLOL]LQJ
R[\JHQSUHVHQWLQZDWHUNQRZQDVGLVVROYHGR[\JHQ'2YHU\UDSLGO\WRGHJUDGHRUJDQLFPDWWHU.
3.9. Ammonia Nitrogen: 
$PPRQLD1LWURJHQLVWKHPHDVXUHRIDPRXQWRIDPPRQLDDWR[LFSROOXWDQWRIWHQIRXQGLQODQGILOOOHDFKDWHDQGLQ
ZDVWHSURGXFWVVXFKDVVHZDJHOLTXLGPDQXUHDQGRWKHUOLTXLGRUJDQLFZDVWHSURGXFWV

7KHYDOXHVIRU$PPRQLD1LWURJHQYDU\IURP05WR05DW0DOLU5LYHU6LWHDQG&&WR
&&DW&KLQQD&UHHN

7KHKLJKHVWYDOXHREVHUYHGDW0DOLU5LYHULV05ZKHUHDVORZHVWYDOXHLV057KHKLJKHVWYDOXH
REVHUYHGDW&KLQQD&UHHNLV&&ZKHUHDVORZHVWYDOXHREVHUYHGLV&&
3.10. Nitrate: 
7KHYDOXHVIRU1LWUDWHYDU\IURP05WR05DW0DOLU5LYHU6LWHDQG&&WR&&
DW&KLQQD&UHHN

7KH KLJKHVW YDOXH REVHUYHG DW0DOLU5LYHU LV  05ZKHUHDV ORZHVW YDOXH LV  057KH KLJKHVW
YDOXHREVHUYHGDW&KLQQD&UHHNLV&&ZKHUHDVORZHVWYDOXHREVHUYHGLV&&

3.11. Nitrite:
7KHYDOXHV IRU1LWULWHYDU\ IURP 05 WR05DW0DOLU5LYHU6LWHDQG && WR &&DW
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&KLQQD&UHHN

7KHKLJKHVWYDOXHREVHUYHGDW0DOLU5LYHULV05ZKHUHDVORZHVWYDOXHLV057KHKLJKHVWYDOXH
REVHUYHGDW&KLQQD&UHHNLV&&ZKHUHDVORZHVWYDOXHREVHUYHGLV&&

3.12. Phosphate: 
3KRVSKRUXVLVDQHVVHQWLDOPDFURQXWULHQWWKDWLVDOLPLWLQJIDFWRUWRSODQWJURZWK>@,QH[FHVVSKRVSKRUXVWULJJHUV
HXWURSKLF FRQGLWLRQVZKLFK LQYROYH WKH SUROLILF JURZWK RI DOJDO DQG RWKHU DTXDWLF SODQWV$OJDO JURZWK FDQ KDYH
OHWKDOLPSDFWVRQDTXDWLFOLIHDQGDWKLJKFRQFHQWUDWLRQVFDQEHWR[LF

3KRVSKDWHFRQFHQWUDWLRQZDVQRWHGLQWKHUDQJHRI7KHKLJKHVWYDOXHREVHUYHGDW0DOLU5LYHULV05
ZKHUHDV ORZHVW YDOXH LV  0505	05 7KH KLJKHVW YDOXH REVHUYHG DW&KLQQD&UHHN LV  &&
ZKHUHDVORZHVWYDOXHREVHUYHGLV&&

3.13. Organic Matter: 
7KHFRQFHQWUDWLRQRIRUJDQLFPDWWHULQ0DOLU5LYHUZDWHUVDPSOHVYDULHVIURPPJOWRPJODQGIRU
&KLQQD&UHHNPJOWRPJO

7KHKLJKHVW YDOXH REVHUYHG DW0DOLU5LYHU LV PJO 05ZKHUHDV ORZHVW YDOXH LV  057KH
KLJKHVWYDOXHREVHUYHGDW&KLQQD&UHHNLVPJO&&ZKHUHDVORZHVWYDOXHREVHUYHGLVPJO&&

3.14. Total Organic Carbon: 
7KHYDOXHVIRU7RWDO2UJDQLF&DUERQ72&YDU\IURP05WR05DW0DOLU5LYHU6LWHDQG
WRDW&KLQQD&UHHN7KHKLJKHVWYDOXHVDUH&&DQG&&UHVSHFWLYHO\RI
HIIOXHQWVRIERWKDUHDV

3.15. Heavy Metals: 
 VDPSOHV ZHUH HVWLPDWHG IRU PHWDOV DQDO\VLV WKURXJK $WRPLF $EVRUSWLRQ 6SHFWURSKRWRPHWU\ 2QO\ /HDG
&DGPLXP DQG ]LQFZHUH GHWHFWHGZKLFK DUH RWKHUPHWDOV ZHUH LQ QHJOLJLEOH DPRXQW+LJK DPRXQW RI /HDG DQG
&DGPLXPDUHGHWHFWHGLQWKHVDPSOHVZKHUHDV=LQFSUHVHQWLVZLWKLQWKH1(4VOLPLWDWLRQV
0DQ\KHDY\PHWDOVDUHHVVHQWLDO WUDFHHOHPHQWVIRUKXPDQVDQLPDOVDQGSODQWV LQVPDOODPRXQWV/DUJHUDPRXQW
FDXVHVDFXWHDQGFKURQLFWR[LFLW\OLQNHGWROHDUQLQJGLVDELOLWLHVFDQFHUVDQGHYHQGHDWK
)RU/HDGYDOXHVYDU\IURPPJOWRPJODW0DOLU5LYHUDQGPJOWRPJO&&DW&KLQQD&UHHN
7KH KLJKHVW YDOXHV DUH PJO 05 DQG  && 0DOLU 5LYHU DQG&KLQQD&UHHN UHVSHFWLYHO\ZKHUHDV
ORZHVWYDOXHVREVHUYHGDW0DOLU5LYHULVPJO05DQGDW&KLQQD&UHHNLVPJO&&
4. Statistical Analysis: 

7DEOH'HVFULSWLYH6WDWLVWLFVRI0DOLU5LYHU
 0HDQ 0HGLDQ 0LQLPXP 0D[LPXP 4XDUWLOH
5DQJH
6WDQGDUG
'HYLDWLRQ
6WDQGDUG
(UURU
6NHZQHVV
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7DEOH'HVFULSWLYH6WDWLVWLFVRI&KLQQD&UHHN
 0HDQ 0HGLDQ 0LQLPXP 0D[LPXP 4XDUWLOH
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
3ULQFLSDO FRPSRQHQW DQDO\VLV RI ZDWHU VDPSOHV RI 0DOLU ULYHU FUHHN LV SUHVHQWHG LQ 7DEOH  7KH ILUVW WKUHH
FRPSRQHQWV RI ZDWHU 7DEOH  H[SODLQHG  SHUFHQW RI FXPXODWLYH YDULDQFH 7KH ILUVW FRPSRQHQW WKDW
DFFRXQWHG IRU  SHUFHQW RI WRWDO YDULDQFH LV JRYHUQHG E\ %2' 3E DQG S+ 7KH VHFRQG FRPSRQHQW WKDW
H[SODLQHGSHUFHQWYDULDQFHLVFRQWUROOHGE\&2'7'6DQG$PPRQLD1

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7DEOH5HVXOWVRI3&$RI3K\VLFRFKHPLFDOSDUDPHWHUVRI0DOLU5LYHU
&RPSRQHQW (LJHQYDOXH 3HUFHQWDJH
YDULDQFH
&XPXODWLYH
SHUFHQWDJH
YDULDQFH
)LUVW
HLJHQYHFWRU
FRHIILFLHQWV
$VVRFLDWHG
YDULDEOHV
   
 %2'
 3E
 S+
   
 &2'
 7'6
 $PPRQLD1
3ULQFLSDOFRPSRQHQWDQDO\VLVRI&KLQQDFUHHNZDWHUVDPSOHVLVSUHVHQWHGLQ7DEOH7KHILUVWWKUHHFRPSRQHQWVRI
ZDWHU7DEOHH[SODLQHGSHUFHQWRIFXPXODWLYHYDULDQFH7KHILUVWFRPSRQHQWWKDWDFFRXQWHGIRU
SHUFHQWRIWRWDOYDULDQFHLVJRYHUQHGE\7HPSHUDWXUH&2'DQG3E7KHVHFRQGFRPSRQHQWWKDWH[SODLQHG
SHUFHQWYDULDQFHLVFRQWUROOHGE\1LWULWH6DOLQLW\DQG7XUELGLW\

7DEOH5HVXOWVRI3&$RI3K\VLFRFKHPLFDOSDUDPHWHUVRI&KLQQD&UHHNZDWHU
&RPSRQHQW (LJHQYDOXH 3HUFHQWDJH
YDULDQFH
&XPXODWLYH
SHUFHQWDJH
YDULDQFH
)LUVW
HLJHQYHFWRU
FRHIILFLHQWV
$VVRFLDWHG
YDULDEOHV
   
 7HPSHUDWXUH
 &2'
 3E
   
 1LWULWH
 6DOLQLW\
 7XUELGLW\

5. Conclusion: 
,W LV FRQFOXGHG WKDW WKH HQWLUH SK\VLFRFKHPLFDO SDUDPHWHUV RI 0DOLU 5LYHU DQG &KLQQD &UHHN ZDVWHZDWHU VKRZ
PDUNHGGLYHUJHQFHIURPWKH1(46>@0RUHRYHUKHDY\PHWDOVIRXQGLQWKHZDVWHZDWHURIVLWHVDORQJ0DOLU
5LYHUDQG&KLQQD&UHHNDUHKLJKHUWKDQIRUPHUO\DVFHUWDLQHG

3K\VLFRFKHPLFDODQDO\VLVGLVFRYHUHGWKDWWKHPDMRUVRXUFHRISROOXWLRQLVWKHHIIOXHQWIURPLQMXGLFLRXVGLVFKDUJHRI
XQWUHDWHGLQGXVWULDOHIIOXHQWVDQG'RPHVWLFHIIOXHQWGLUHFWO\GXPSHGLQWR0DOLU5LYHUDQG&KLQQD&UHHN

Recommendation: 
,WLVVXJJHVWHGWKDW

x 7KHHIIOXHQWVVKRXOGEH WUHDWHGSULRU WRGLVFKDUJHDQGPD\EHSURFHVVHG IRU UHFRYHU\RIZDVWHPDWHULDOV
EHIRUHUHOHDVLQJLQWRWKHVHDVRDVWRVDYHWKLVHFRORJLFDOO\DQGHFRQRPLFDOO\LPSRUWDQWFUHHN
x 2QXUJHQWEDVLVPRQLWRULQJDQGVXUYHLOODQFHSURJUDPVKRXOGEHLPSOHPHQWHG
x ,GHQWLI\WKHLQGXVWULHVZKLFKDUHGXPSLQJWKHLUZDVWHLQ0DOLU5LYHUDQG&KLQQD&UHHN
x $ZDUHQHVVSURJUDPDERXWWKHEHQHILWVRI0DQJURYHV
x 6KRXOGDGRSWODWHVWWHFKQRORJ\WRFRQWUROSROOXWLRQ
523 Sadia Tariq et al. /  Procedia Environmental Sciences  34 ( 2016 )  514 – 524 
x 1HHGRIDZDUHQHVVSURJUDPVIRULQGXVWULHV
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